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WHAT IS CLAIMED IS : 

A payload isolation system for isolating a payload from • 
a base sfcs^icture upon which the payload is supported, the payload 
isolation syfe<em comprising: 

motiorNconstraint means for maintaining a parallel vyu^^ 0 *^^*^ 
relationship betweerNt^ie payload and the base structure; and 

support meansSqr providing vertical and/or lateral 
support of the payload relafeis^e to the base structure such that 
the transmission of vertical ancl>Qr lateral vibration between the 



payload and the base structure are ^u^coocu. * 

-pv^( 2 .^^^T^^^aylc^b^ isolation system of claim 1, wherein the^^ y^^c^ 
motion constraint means comprises a mechanical linkage. 

3. The payloadN^solation system of claim 2, wherein the ^^^^^ 
mechanical linkage comprises at least one parallelogram linkage Ji^^^r 
disposed between the payload and base structure, 



ressed. 



<U t 4 



payload isolation system of claim 3, wherein each 



of the at leasbvone parallelogram linkage comprises first and sb**^*?* 



second^pa-ralrl^^ first and second 

parallelogram sub- linkages sharing a common member, one of the 
first or second parallelogram sub-linkages being fixed to the 
payload or a portion thereofv the other of the first or second 
parallelogram sub-linkages beiKg fixed to the base structure or a 
portion thereof. 
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The payload isolation system of claim 4, wherein the at 



t one parallelogram linkage comprises two or more 
parallelogram linkages wherein ac least two of the parallelogram 
linkages are configured non-parallel to each other. 




of claim 1, wherein at 
lateral support is gs? 
a vertical and/or lateral 



of claim 1, further 
relative displacement 
base structure. 



claim 2, wherein the 
cissor linkage each 
nkages disposed between the 
and second scissor sub- 
first and second common.., 
and second scissbr^sub- 



portion thereof and a 

sub- linkages being 
thereof . 



4^ 



Q4!^> 9. The payload isolation system of claim 8, wherein the at 
^Ceast one scissor linkage comprises two or more scissor linkages, 
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at least two of tjle parallelogram li nkages, being configured non- 
parallel to each/other. ^ A-&* t/r *~' 



^0 

0. The payload isolation system of claim 8, wherein the ^^T{^J^ 



support means comprises a spring means and a linear actuator 
means in\^eries disposed on one of the first or second common 
members 



HZ/ 



11. The payload isolation system of claim 8, wherein the 
support means comprises an elastic means for biasing the first 
and second common members together. tfa****'^ ~ 



,6 '«/''. > r 



\^r^ 12. ""The payload illation system of claim 1, wherein the 
support means provides one of vertical or lateral support of the 
payload relative to the bas^ structure, 



12 . The payload 



Co 



13. The payload isolatioiK system of claim 1, wherein the 
support means provides both vertrcal and lateral support of the 
payload relative to the base structure . ^ 



14. The payload isolation systerrfSof claim 1, wherein the 
support means comprises a deformable ma\ having at least one . lp^ 6 " 
internal tubular cavity such that the deformable mat exhibits ^ 
nonlinear elastic characteristics in response to an effective 
weight of the payload. ! 
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The payload isolation system of claim 14 , wherein the 
non-linear elastic characteristics comprise a substantially rigid 
characteristic at low and high levels of deformation and a 
compliant\characteristic at intermediate levels of deformation. 



V\^16. TheNpayload isolation system of claim 14, wherein the 
at least one internal tubular cavity comprises a plurality of ^ t M 
internal tubular cavities interconnected to each other such that 
the plurality of internal tubular cavities act as a single 
cavi ty . 

^ut?" 17. The payload isolation system of claim 1, wherein the 
support means comprises a Nbottom plate fixed to one of the 
payload or base structure o\: portions thereof, a top plate 
movable relative to the bottom plate and fixed to the other of 
the payload or base structure Vr portions thereof, the support 
means further comprising a compressible material disposed in a 
space between the top and bottom palates . ^^jlcP. 

V^q 18. The payload isolation system of claim 17, wherein the 
space between the top and bottom platesi defines an annular cavity 
and wherein the compressible material drsposed in the space is an 
elastomeric extruded tubular element, the\elastomeric extruded 
tubular element having a tubular cavity running therethrough and 
being coiled within the space in a^helical manner to thereby fill 
the space. 



iV 5 
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9. The payload isolation system of claim 1, further <v 
compris^jig a payload adjustment means for adjusting the level of 
r 3 support oi the support means in response to a variation in an 

4 effective payload weight, and/or a variation in a relative 

5 distance between the payload and the base structure. 
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20. The payload isolation system of claim 19, wherein the 
payload adjustment means comprises: 

support adjustment means for adjusting the level of 
support of the support means; and 

a f eedback^m£ans\f or sensing a change in relative 
distance between .the payloack and the base structure and 
controlling the support adjustment means in response thereto. 




21. The payload isolation s\s/em of claim 20, wherein the 
support adjustment means comprises 

<^^-^a deformable mat having at least one internal tubular 
cavity; and 

a gas source in comitfunication with the at least one 
internal cavity; 

wherein the feedback means controls the gas pressure 
level in the internal tubyiar cavity in response to the change in 
relative distance between the payload and the base structure. 




22. The payload isolation system of claim 20, wherein the 
support adjustment rfte^ns comprises: 
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a bobtom plate fixed to one of the pay load or base 
structure or portions thereof; ^ 

a top plabe movable relative to the bottom plate and 
fixed to the other of ohe payload or base structure or portions 
thereof; 

an elastomeric extended tubular element disposed in an 
annular cavity defined between Bhe top and bottom plates, the 
elastomeric extruded tubular element having a tubular cavity 
running therein and being coiled within the space in a helical 
manner to thereby fill the space; and 

a gas source in communication ^ith the tubular cavity; 

wherein the feedback means controls the gas pressure 
level in the tubular cavity in response to tne change in relative 
distance between the payload and the base structure. 




23. The payload isolation system of claim 20, wherein the 
support adjustment means comprises 

a deformable mat having at least one internal tubular 
cavity; arK3^_j^ c 

a ramp -fneans for engaging the deformable mat to vary an 
amount of surface area in contract with the payload; and 

drive means for driving the ramp means between 
locations in whic^h more or /less surface area is in contact with 
the payload; 

wherein the feedback means controls the drive means to 
change the amount of surface area in contact with the payload. 
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The payload isolation system of claim 20, wherein the 



ieedback means comprises 



distance signal generation Ineans for generating a 
distance signal proportionate to the sensed relative distance 
between the payioad and the base structure; 

a f irsK low pass filter for converting the distance 
signal into a slowly varying signal representing average position 
along with a small mxgh frequency ripple component; 

a summer f orNsubtracting a reference signal from the 
slowly varying signal to\provide an output error signal; 

a gain means f orv outputting a signal indicative of 
vibrational peaks from an input of the error signal; 

a second low pass filter for averaging the vibrational 
peaks signal into a final erron signal ; and 

a throttling transduced means for responding to the 
final error signal which is inputxto the support adjustment means 
thereby more efficiently controlling the support adjustment means 
and reducing vibrational chattering \f the support adjustment 
means . 



25. The payload isolation system oi claim 1, wherein -the 
payload and base structure are components V>f a rocket and wherein 
the effective weight of the payload varies wi%hT"tfime . 



-ilk 



1 26. The payload isolation system of cla^m 1, wherein the 

2 support means comprises one or more of the following: 
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a def ormable mat having at least one internal tubular 
cavity sux;h that the deformable mat exhibits nonlinear elastic 
characteristics in response to an effective weight of the 
payload; 

at least one first motor disposed between the payload 
and base structureNfor providing vertical support of the payload, 
the at least one firsc\motor being under the control of a control 
means in response to detected vertical disturbances of the 
payload relative to the bas^ev structure; and 

at least J^wo S-ejccoid jiot ors disposed between the payload 
and base structure for providingN^teral support of the payload, 
the at least two second motors bein&. under the control of a 
control means in response to detected^ateral disturbances of the 
payload relative to the base structure 



A 



A motion constraint mechanism comprising: 
a^t-irst mechanical linkage disposed between a payload 



and a base structureT^ajnd 

at least a secon^mechanical linkage arranged relative 
to the first mechanical linkage such>*ttiat the first and at least 
second mechanical linkages maintain a paraTarei^relationship 
between the payload and the base structure, 

28. The motion fcoryg^raint mechanism of claim 27, wherein at 
least one of the first! oh: a£ least second mechanical linkages 
comprises a parallelogram linkage disposed between the payload 
and base structure, \ 



IK 
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29. Thsi motion constraint mechanism of clai^m 28, wherein 
each of the par&Qelogram linkages comprises first and second 
parallelogram sub-l^ty^ages , the first and second parallelogram 
sub-linkages sharing a cbamaon member, one of the first or second 
parallelogram sub-linkages nsing fixed to the payload or a 
portion thereof, the other of the first or second parallelogram 
sub-linkages being fixed to the ba&^ structure or a portion 
thereof . 

30. The motion constraint mechanism of claim 27, wherein 
the first and at least second mechanicalV linkages are arranged 
non-parallel to each other. 

31. The motion constraint mechanism d£ claim 27, wherein at 
least one of the first or at least second mechanical linkages 
comprises a scissor linkage having first andt second scissor sub- 
linkages disposed between the payload and base structure, the 
first and second scissor sub-linkages being connected to each 
other by first and second common members, a fdVrst end of each of 
the first and second scissor sub-linkages being fixed to the 
payload or a portion thereof and a second end of the first and 
second scissor sub-linkages being fixed to the bVse structure or 
a portion thereof. 

32. The^inption constraint mechanism of claim 31, further 
comprising support itteansfor providing vertical and/or lateral 
support of the payload rela^iv^ to the base structure such that 
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the transmission of vertical and/or lateral vibration between the 



payload anck the base structure are suppressed. 



33. The rft^tion constraint mechanism of claim 31, wherein 
the support meansxcomprises a spring means and a linear actuator 
means in series disposed on one of the first or second common 
members \ j \ 

34. The motion constJ^int mechanism of claim 31, wherein 
the support means comprises ahvelastic means for biasing the 
first and second common members \pgether , 

^J^^ motion constraint mechanism of claim 27, further 

comprising support means for providing^vertical and/or lateral 
support of the payload relative to the b^e structure such that 
the transmission of vertical and/or lateral\yibration between the 
payload and the base structure are suppressed^ 




36. A method £6r constraining mq 
a base structure, the method compris; 

Zeal 



:ion between a payload and 
j- the steps of: 
linkage disposed between 



providing a first mechanj 
the payload and the base structui 

providing at least a jsecond mechanical linkage disposed 
between the payload and the bafse structure; and 

arranging the firs/ and at least second mechanical 
linkages relative to each c/ther such that the first and at least 
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second mechanical linkages maintain a parallel relationship 
between the payload and the base structure. 

The method of jblaim 36, wherein the arranging step 



comprises configuring tl/e first and second mechanical linkages 



non-parallel to each other. 



vp^^SL^. The method of claim 36, further comprising the step of 



l^ort o 



f the payload relative 



providin^^^rtlcal and/ or lateral sup; 
to the base strttc^ure such that the-transmission of vertical 
and/or lateral vibration between the payload and the base 
structure are suppressed. 



39. A support apparatus for providing vertical and/or 
lateral support of a payload relative to the base structure such 
that the transmission of vertical and/or lateral vibration 
between the payload and the ba^ structure are suppressed, the 
support apparatus comprising u 

a deformable member exhibiting nonlinear elastic 
characteristics in response to an effective payload weight; 

/^support adjustment means for supporting the effective 



\ effective n^yload adjustment means for adjusting the 
level of support of/the support means in response to a varying 

sight . 
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40. The support appaf^t^sbf claim 39, wherein the 
deformable memhsr further having\/ab*ieast one internal tubular 
cavity. 




41. The support apparatus of claim 39, wherein the non- 
linear elastic characteristics>smiprise a substantially rigid 
characteristic at low and high lev^isS of deformation and a 
compliant characteristic at intermedia^ levels of deformation, 

42. The support Apparatus of claim 40, wherein the 
deformable member comprises a deformable mat and the at least one 
internal tubular cavity cpmprises a plurality of internal tubular 
cavities . 



43 . 



The support apparatus of claim 42, wherein the 
plurality of internal tubulaV iiavities are interconnected to each 
other such that the plurality\pf internal tubular cavities act as 
a single cavity. 



44. The support apparatii^fe bf clfaim 39, wherein the ( 
deformable member comprises a ^t*om plate fixed to one of the 
payload or base structure or portions thereof, a top plate 
movable relative to the bottom plate and fixed to the other of 
the payload or base structure or portions thereof, the deformable 
member further comprising a compressible material disposed in a 
space between the top and bottom plates 



1 
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1 45. The suppd^t apparatu^ of claim 44, wherein the space 

2 between the top and bc^b<om places defines an annular cavity and 

3 wherein the compressible irfet^rial disposed in the space is an 

4 elastomeric extruded tubular el^m^tT^he elastomeric extruded 

5 tubular element having a tubulan/cav^tM running therein and being 

6 coiled within the space in a helical jpanh^r to thereby fill the 

7 space . 



1=5 



46>^ The support apparatus of claim 39, wherein the 
effective pa^irsa^adjustment means comprises feedback means for 
sensing a change in r^ts4^iye distance between the payload and the 
base structure and control lin^^tiie support adjustment means in 
response thereto. 
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The support apparatus of claim 46, wherein the support 
adjustment infefws^compr is es a gas source in communication with the 
at least one internal""&avi:t^^ the feedback means controls 

the gas pressure level in the inCemal^tubular cavity in response 
to the change in relative distance betweerT^h^payload and the 
base structure. 



48. The support ap 
deformable member comprises 
support adjustment means 

a ramp means for engagin 
amount of surface area in contact 



claim 46, wherein the 
rmable mat and wherein the 




ormable mat to vary an 
payload; and 
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drive means fens, driving the ramp means between 
locations having more or le^sl surface area in contact with the 
payload; 

wherein the feedback! p^ans) controls the drive means to 
change the amount of surface a^eaj^m contact with the payload. 

\ 49. The support apparatus of claim 46, wherein the feedback 
\ means comprises: 

^sdistance signal generation means for generating a 
distance si^al proportionate to the sensed relative distance 
between the pa^oad and the base structure; 

a firstNsOw pass filter for converting the distance 
signal into a slowlyN*arying signal representing average position 
along with a small high frequency ripple component; 

a summer for subtracting a reference signal from the 
slowly varying signal to provide an output error signal; 

a gain means for outputl^ng a signal indicative of 
vibrational peaks from the input of 5he error signal; 

a second low pass filter for averaging the vibrational 
peaks signal into a final error signal; an& 

a throttling transducer means for responding to the 
final error signal which is input to the supporr\adjustment means 
thereby more efficiently controlling the support adjustment means 
and reducing vibrational chattering of the support a^ustment 
means . X 



